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We were unable to confirm transient late gene expression using constructs of 18 genes that had been reported to support
Autographa californica multinucleocapsid nucleopolyhedrovirus (AcMNPV) late gene expression when transfected into
Spodoptera frugiperda cells [Lu, A., and Miller, L. K. (1995). J. Virol. 69, 975–982]. Three genes (orf66, orf68, and orf41) were
included, all or in part, in the constructs used in that study, but they had not been independently tested. Therefore we
investigated these and neighboring orfs for their influence on late gene expression. We found that orf41 was required for late
gene expression and that sequences within orf45 appeared to be required for the expression of orf41. Although orf66 and
orf68 did not appear to affect late gene expression, orf69 stimulated expression. orf69 was found to have high homology to
recent entries in GenBank from a variety of organisms. In addition, it was found that orf121, which was shown to be involved
in early gene expression, and the viral homolog of pcna did not influence late gene expression. © 1999 Academic Press
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iIntroduction. The Baculoviridae represents a family of
iruses with large, circular, double-stranded DNA ge-
omes that are pathogenic for invertebrates, particularly
nsects of the order Lepidoptera. A novel feature of these
iruses is their occlusion in a crystalline protein matrix
hat stabilizes the virions outside the host insect. On
nfection, the viral replicative cycle is initiated by a set of
arly genes that are transcribed by the host cell RNA
olymerase II in combination with several viral transcrip-
ional activators. With the onset of DNA replication, late
enes are expressed by a unique RNA polymerase (1)
hat is a-amanitin and tagetoxin resistant (2, 3) and
tilizes a promoter, DTAAG, that also serves as the site of
RNA initiation. Very late in infection, the occlusion body
rotein, polyhedrin, and at least one other protein, P10,
re expressed at very high levels. This feature of the
aculovirus system has been exploited for the develop-
ent of the baculovirus expression vector system, which
ses the polyhedrin or p10 promoters for the expression
f heterologous genes. Although this system is widely
sed, the mechanism by which such remarkable levels
f protein expression are attained is unclear. Using a
ransient gene expression assay, plasmids containing 18
aculovirus genes and surrounding sequences were
hown to be involved in late gene expression when
ransfected into Spodoptera frugiperda cells (Sf-9) (4). Of
hese genes, nine have been shown to influence DNA
eplication (4, 5). Because baculovirus late gene expres-
1 To whom reprint requests should be addressed at Nash Hall 220.
g-mail: rohrmann@bcc.orst.edu.
9ion is dependent on DNA replication, these genes may
ot be directly involved in late gene expression. Using a
ore defined set of genes, we were unable to achieve
ate gene expression, although control experiments us-
ng combinations of AcMNPV cosmids and a reporter
lasmid in which the b-glucuronidase (GUS) gene was
xpressed under the control of the late baculovirus vp39-
apsid promoter gave high levels of GUS expression. In
his report, we describe experiments to determine whether
dditional open reading frames (ORFs) influence bacu-
ovirus late gene expression in S. frugiperda cells.
Results. We used a variation of the baculovirus late
ene expression assay (4) to investigate the role of
pecific genes in late gene expression (6). In our assay,
b-glucuronidase (GUS) gene under the control of the
p39 promoter was used (Fig. 1A). As a positive control,
set of five cosmids (Fig. 1C) were used that yield high
evels of late gene expression. Figure 1D is an example
f our initial results that indicated that the genes origi-
ally identified as being required for late gene expres-
ion are insufficient under these conditions. Four cosmid
onstructs yield high levels of GUS expression (Fig. 1D,
ar 1), whereas transfection of the reporter plasmid
lone did not result in GUS expression (bar 8). Substitu-
ion of cosmid 10 with constructs expressing lef-1, lef-2,
nd lef-6 supported GUS expression (bar 2), indicating
hat the plasmid constructs were expressed. Similar ex-
eriments substituting cosmid 59 (bar 3), cosmid 1 (bar
), cosmids 1 and 51 (bar 6), and cosmid 58 (bar 7)
ndicated that the constructs were able to support late
ene expression. However, substitution of cosmids 10
0042-6822/99 $30.00
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10 RAPID COMMUNICATIONFIG. 1. The reporter and expression plasmids, the AcMNPV cosmid library, and initial cosmid substitution experiments. (A) Diagram of the
US-expressing reporter plasmid, pCALL4, used to characterize late gene expression. The coordinates for the AcMNPV hr5 region and vp39 promoter
nd the OpMNPV p10 poly(A)1 signal are from References 15 and 21, respectively. The modified region inserted between the vp39 59 flanking
equence and the GUS ATG is shown below the linear map. (B) The lef gene expression plasmid, piep3. The coordinates for the ie-1 promoter and
he OpMNPV p10 sequence that contains a 39 processing signal are from References 15 and 21, respectively. (C) AcMNPV cosmid library. The
umbers above cosmid diagrams are the coordinates on the AcMNPV genome determined by sequence analysis and comparison with those reported15). Below the cosmid maps are the location of the genes tested for their ability to influence late gene expression. Also shown are scales of the
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11RAPID COMMUNICATIONnd 59 failed to support late gene expression (bar 4). On
xamination of the maps of the plasmids used for the
xperiments of Lu and Miller (4), we found three regions
hat contained ORFs that could have contributed to late
ene expression but had not been completely character-
zed. These included the plasmids encoding DNA poly-
erase, LEF-3 and P47. Just upstream and in the oppo-
ite direction of the DNA polymerase gene is orf66. The
lasmid used for characterization of DNA polymerase
ontains 2043 nucleotides (nt) upstream of the DNA
olymerase start site, and this sequence would contain
ost (678 of the predicted 808 amino acids) of orf66 (7).
djacent to lef-3 is orf68, which was also not clearly
xcluded in the mapping experiments described (8) and
as present on the plasmids used for subsequent re-
orts (7). Furthermore, the plasmid used for the charac-
erization of p47 (orf40) (9) contains the complete se-
uence of orf41.
Although cosmid 10 and cosmid 59 individually could
e substituted by defined plasmids, together they could
ot be substituted (Fig. 1D, bar 4). This implicated the
verlapping region in containing uncharacterized genes
hat influenced late gene expression. Therefore the non-
verlapping regions of cosmids 59 and 10 were substi-
uted with defined constructs, and the overlapping region
nd the ORFs therein were tested (Fig. 2). In the initial
xperiments, it was observed that a deletion of cosmid
9 (cos59SSD) (Fig. 2A) could substitute for the overlap-
ing region, whereas another deletion (cos59EvD) could
ot (Fig. 2C, compare bars 2 and 3, respectively). We also
bserved that PstF, when cotransfected with PstK and a
ixture of cosmids and plasmids expressing lef genes,
ould substitute for the overlapping region (Fig. 2C, bar
). This confirmed that the PstK and PstF regions (Fig. 2A)
ontained the essential genes. However, p47, the only
ene implicated in late gene expression from PstF, failed
o support late gene expression (Fig. 2C, bar 5). There-
ore the PstF region was examined in detail with the
ollowing results. A frameshift in orf39 did not signifi-
antly influence GUS expression (Fig. 2C, bar 6). In ad-
ition, although deletions or frameshifts affecting orf42,
rf42–44, orf44, orf46, and orf46–48 had little effect on
xpression levels (bars 9, 10, 11, 13, 14, respectively),
rameshifts in p47 and orf41 abolished gene expression
bars 7 and 8). This implicated both p47 and orf41 in late
xpression. However, defined clones of p47 and orf41
ailed to support expression (bar 22), and although the
47 frameshift could be rescued with a defined clone
xpressing p47 (compare bars 7 and 16), the orf41 frame-
enome in kilobase and map units. (D) GUS assays of plasmid substit
omplement of cosmids (bar 1) or cosmids substituted with lef gene pla
s shown in bar 8. The bars above the columns show 1 S.E.M. The perc
s shown above the bars. GUS activity is expressed as nanomoles
-D-glucuronide by b-glucuronidase expressed in 106 transfected S. frugiperdhift was not rescued by a clone expressing orf41 (com-
are bars 8 and 17). In contrast, large clones containing
rameshifts in orf41 and p47 complemented one another
bar 19). Testing of additional constructs indicated the
ollowing: Deletions affecting orfs 44–46 and orfs 42–48
aused a significant reduction in expression levels (bars
2 and 15). These data implicated orf45, in addition to
47 and orf41, in late gene expression. Also, when a
rameshift in p47 (cis-linked to orf41 and orf45) was
omplemented with a p47-containing clone with orf45
eleted, expression was restored (bar 20). In contrast,
hen the orf41 frameshift was complemented with the
eletion containing intact orf41 but lacking orf45, only
ow levels of expression were observed (bar 21). These
ata suggested that orf45 had a major effect when it was
inked to orf41.
Results from the examination of effects of the orf45
egion are shown in Fig. 2D. Although p47, orf41, and
rf45 were implicated in late gene expression, a combi-
ation of defined constructs expressing these ORFs
ailed to support expression (Fig. 2D, bar 3). However, a
eletion construct, p3orf (Fig. 2B, #13), supported expres-
ion at levels similar to PstF (Fig. 2D, compare bar 4 with
ar 2). (p3orf contains three major deletions of the PstF
egion but retained p47, orf41, and orf45 and much of
rf46. Although orf41 was linked to orf45, much of the
ntervening sequence was deleted.) However, p3orf41fs
hat contained a frameshift in orf41 did not support ex-
ression either alone or in combination with pie41, a
lasmid containing orf41 under the control of the ie-1
romoter (bars 5 and 6, respectively). In contrast, a con-
truct derived from p3orf with a frameshift in orf45 sup-
orted expression (bar 7) and when cotransfected with
ie45, expression increased (bar 8). A construct in which
rf41 was expressed under the ie-1 promoter and was
inked to orf45 (pie41/45) was tested. This construct res-
ued the construct with the orf41 frameshift (bar 9) and
upported high levels of expression when cotransfected
ith a defined p47-expressing clone (bar 10). In addition,
n orf45 frameshift inserted in pie41/45, although reduc-
ng expression by a factor of ;2, still retained substantial
evels of activity (bar 11). These data support the conclu-
ion that orf45 is slightly stimulatory but indicate that
equences from the orf45 region must be linked to orf41
or maximal expression levels. One explanation would be
hat splicing involving orf41 and the orf45 region is re-
uired for the production of a species of protein that is
ssential for late gene expression. Although splicing has
een demonstrated for the AcMNPV ie-1 gene (10), such
r cosmid clones. Shown is the level of GUS expression when the full
onstructs. GUS activity from transfection of the reporter plasmid alone
of GUS expression relative to the full complement of cosmids (bar 1)
hydroxy-4 methycoumarin (MU) produced from 4-methylumbelliferylution fo
smid c
entage
of 7-
a cells.
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12 RAPID COMMUNICATIONrocessing of other transcripts has not been reported. It
s also possible that the orf45 region contains an en-
ancer of orf41 transcription. BLAST searches with the
rf41 and 45 sequences failed to reveal any convincing
omologs other than genes from other baculoviruses.
Because of its close proximity to this region, the Ac-
FIG. 2. Characterization of the p47 region in late gene expression. (A
egion that was analyzed in detail. (B) Maps of clones used in analysis
bove the top map along with genome coordinates. The orf names are
hown at the bottom. Asterisks indicate sites of frameshifts. Dashed lin
nalysis of the influence of orf41 and 45 on late gene expression le
xpression relative to the full complement of cosmids (bar 1) is shownNPV homolog of pcna (orf49) was also investigated. Dowever, it did not significantly stimulate GUS activity
Fig. 2C, bar 23). Under the conditions used in this assay,
ate gene expression is dependent on DNA replication.
herefore the results suggest that pcna does not stimu-
ate DNA replication or late gene expression. Similar
esults were previously reported when its influence on
of the cosmid 10–cosmid 59 junction showing the location of the PstF
p47 region. Restriction sites used in the cloning protocols are shown
below the top map. Clones generated to analyze the p47 region are
cate portions of the region deleted. (C) Analysis of the PstF region. (D)
e bars above the columns shows 1 S.E.M. The percentage of GUS
the bars.) Map
of the
shown
es indiNA replication alone was tested (5).
13RAPID COMMUNICATIONFIG. 2—Continued
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14 RAPID COMMUNICATIONAnother region that we focused on in these investiga-
ions concerned the region encoding DNA polymerase
FIG. 3. Analysis of the dna polymerase–lef-3 region. (A) Clones used
f orf66 on late gene expression. (C) Characterization of the influence
.E.M. The percentage of GUS expression relative to the full complemnd LEF-3 (Fig. 3A). Just upstream and in the opposite oirection of the DNA polymerase gene is orf66. The
lasmids used previously for characterization of the role
ess late gene expression levels. (B) Characterization of the influence
and orf69 on late gene expression. Bars above the columns show 1
cosmids (bar 1) is shown above the bars.to ass
of orf68f DNA polymerase in late gene expression contain 2043
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15RAPID COMMUNICATIONt upstream of the DNA polymerase start site, and this
equence would contain most (678 of the predicted 808
mino acids) of orf66 (7). Furthermore, recent analysis of
he orf66 homolog from the Lymantria dispar MNPV
LdMNPV) showed that it terminated just upstream of the
mino acid 678 region (11). In addition, adjacent to lef-3
s orf68, which also was not clearly excluded in the
apping experiments described (8) and was present on
he plasmids used for subsequent reports (7).
To investigate this region, cosmids 10, 51, and 58
Fig. 1C) were used in combination with defined
lones of lef-8, lef-9, lef-10, and dnapol to examine the
ffects of ORFs from this region. Substitution of the
ssential region omitted when cosmids 59 and 1 were
ot present in the transfection mix with a clone, pES,
ontaining orf67, orf68, and orf69 resulted in substan-
ial levels of late gene expression (Fig. 3B, bar 2). The
ddition of two clones containing varying lengths of
he 59 flanking region of orf66 failed to influence ex-
ression levels (bars 3, 4).
Experiments examining the influence of orfs 68 and 69
re shown in Fig. 3C. Although a frameshift in orf67 (lef-3)
bolished expression (bar 3), frameshifts in orf68 had no
ffect (bar 4). However, a frameshift in orf69 caused a
-fold reduction in expression (compare bar 5 with bar 2).
he addition of orf69 caused a 2.5-fold level of stimula-
ion of late gene expression when cotransfected with
ielef3 (compare bar 6 with bar 8). These data suggest
hat orf69 has a stimulatory effect on late gene expres-
ion. Although BLAST searches of orf68 did not yield any
ignificant nonbaculovirus homologs, orf69 showed re-
arkable levels of homology to orfs from organisms
panning archae (AF078792) to humans (AF063015). All
hese GenBank reports suggested a relationship to the
scherichia coli ftsJ gene, which has been implicated in
ell division (12).
Recently it was reported that orf121 activates early
ene expression by stimulating ie-1 (13). To examine the
ffect of orf121 on late gene expression, an XhoI–BglII
egion containing orf121 and lef-7 was examined. The
hoI–BglII fragment (pXB) supported expression in com-
ination with cosmids 10, 51, and 59 and pie35, pie-1, and
ie-2. In addition, pielef7 and pie121 together supported
xpression. However, transfection of pielef7 without
ie121 had little effect on expression levels, and pie121
ithout pielef7 did not support expression (data not
hown). Therefore although orf121 may influence early
ene expression, it had no effect on late gene expres-
ion.
Discussion. The development and application of the
ransient assay system (4) for the identification of bacu-
ovirus late genes were major contributions to elucida-
ion of the viral genes involved in late gene expression
nd led to the identification of 18 genes implicated in this
rocess (4). However, we were unable to repeat these
xperiments using a set of better-defined clones. This caused us to examine the constructs used in the original
nvestigations and led to the identification of orf41 as
eing required for late gene expression. However we
ound that orf41 had to be located in cis with sequences
ssociated with orf45. orf45 did not appear to be essen-
ial because orf45 frameshifts supported late gene ex-
ression. This suggests that either splicing may occur
etween orf41 and the orf45 region or an enhancer or
ther critical sequence may be present in the orf45
egion that is required for adequate levels of orf41 ex-
ression. These observations provide added insight into
he complexity of baculovirus late gene expression and
re critical for further investigations of this system. In
ddition, the observation that orf69 stimulates late gene
xpression and has a remarkably high level of homology
o genes spanning all organisms suggests that it may
lay a fundamental role in the AcMNPV life cycle.
Materials and Methods. Cells and cosmids. All bacte-
ial plasmids were propagated in E. coli strain DH5a
nless noted otherwise. Sf-9 cells were cultured in
F900II media (GIBCO BRL) as described previously (6).
hree of the cosmid constructs were described in (6) and
re shown in Fig. 1C. Two additional cosmids, 1 and 51,
ere used in this study (Fig. 1C).
Miscellaneous Techniques and Materials. Restriction
nd modifying enzymes were from New England Biolabs.
4 DNA polymerase was used for blunt end generation.
igations were performed with T4 DNA ligase. Site-di-
ected mutagenesis was performed as described previ-
usly (6). Polymerase chain reaction (PCR) was per-
ormed as described previously (14) beginning with 5 min
t 95°C and then 35 cycles of 1 min at 94°C, 1 min at
5°C, and 1 min at 72°C, followed by one cycle of 6 min
t 72°C in a PTC-200 DNA Engine (MJ Research Inc).
NA sequence determination and analysis were done
n all site-directed mutants and genes derived by PCR
s described previously (12). All plasmids were purified
sing Qiagen columns.
The GUS Reporter Plasmid. The reporter construct,
CALL4, contains the GUS gene under the control of the
p39 promoter along with hr5 and a poly(A)1 flanking
equence from OpMNPV and was constructed as fol-
ows: a 1189-nt HincII fragment containing hr5 region
rom AcMNPV was inserted into plasmid pCA3 (6) in lieu
f the HpaI fragment located 640 nt upstream of the ATG
f vp39. The resulting plasmid was cut by SacI and SalI
o delete the AcMNPV sequence downstream of the vp39
ene and ligated with a SacI–SalI fragment containing
10 poly(A)1 signal sequence from OpMNPV DNA. A
iagram of the clone with sequence coordinates is
hown in Fig. 1A.
Transfection and Analyses of GUS Expression. Late
ene expression (GUS) assays were done as described
reviously (6). Log phase SF9 cells were seeded into
ells of 6-well tissue culture plate at a density of 1 3 106ells/well. After ;20 h, cells were transfected with 1 mg
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16 RAPID COMMUNICATIONf reporter plasmid and 0.2 mg of each cosmid or plas-
id using Cellfectin liposomes (GIBCO BRL). piep2 (6) or
KS(2) was used to equalize the quantity of DNA trans-
ected. Grace’s medium was used to make the transfec-
ion mixture. Transfected cells were incubated with the
ransfection mixture at 27°C for 6 h, after which it was
eplaced with TNM-FH medium (22). The cells were
ncubated at 27°C and harvested 48 h posttransfection.
he cell pellet was resuspended in 200 ml of PBS buffer
nd subjected to three freeze–thaw cycles. The cellular
ebris was pelleted by microcentrifugation at 12,000 rpm
or 4 min. Then, 10 ml of the cellular extract was used for
US assays as described previously. Three sets of neg-
tive controls were used; these included the reporter
lasmid alone; the reporter plasmid transfected together
ith cosmid 58, which contains the ie-1 gene; and the
eporter plasmid transfected with sets of constructs de-
T
AcMNPV DNA Primers and Tem
Gene Positionb
1 lef1 102574 11311
2 lef2 30893 3815
3 lef3 573264 58876
4 lef4 765963 78077
6 lef6 234653 24116 59 G
7 lef8 400354 43151 59 C
8 lef9 491843 51226 59 C
9 lef10 451283 45567 59 C
10 lef11 299884 30399 59 G
11 dnapol 519974 55281 59 C
12 hel 803674 84357 59 A
13 p35 1164923 117491 59 C
14 lef7c 1044994 105231 59 A
59 G
15 39k 292274 30067 59 A
59 A
16 p47 321614 33382 59 C
59 A
17 orf41 333813 34009 59 T
59 T
18 orf45 361553 36852 59 T
59 A
19 orf68 588943 59335 59 T
59 T
20 orf121 1026473 102838 59 T
59 A
21 orf69 589373 60447 59 A
59 A
22 orf68BHd 588613 59007 59 T
59 T
23 orf68EA 590133 59608 59 T
59 A
a Constructs 1–13 and 14–23 were produced by site-directed mutog
b Position equivalent to the AcMNPV sequence (15).
c Ncol site underlined in the primers encompossing ATG was create
d Orf68BH and orf68EA were synthesized by PCR and used to consticient in the region under investigation. The GUS activity phown in the figures was derived by subtracting the
ctivity from the reporter plasmid–cosmid 58 transfection
rom the experimental values. The value for the reporter
lasmid alone was always zero and was not used in the
alculations. All GUS expression values were derived
rom three independent transfections for each construct
et in each experiment, and 1 S.E.M. is shown in the
igures.
Constructs Cloned under the AcMNPV ie-1 Promoter.
he orfs 41, 45, 68, and 121 and lef-7, p47, and 39k were
ynthesized by PCR with NcoI sites at the translational
TG and PstI, BamHI, or SalI sites at the 39 end (Table 1).
he primers and templates used in PCR are shown in
able 1. The resulting PCR products were gel purified,
igested with NcoI and PstI (for 39k and orfs 41, 45, and
21) or NcoI and SalI (for lef-7 and orf68), and subcloned
nto pieP3 cut with NcoI and PstI or SalI to produce
Used for Plasmid Constructiona
l mutation oligonucleotide or PCR primer Template
Reference 16
Reference 16
Reference 17
Reference 6
ATACCATGGTGTTCAACG 39 pKSlef6
ACCATGGCGGACGTG 39 pKSlef8
GTCCATGGTGCGTAAAATATATTTTTTAACC 39 pKSlef9
GTTCGCCATGGTTGCATTTTAAAAAAATGC 39 pKSlef10
TTTGGGGGCCATGGTTGTCTATC 39 pKSlef11
ATATTTAACCATGGAAATATATCCTTACA 39 pKSdnap
TAGCCACCATGGTTGACAACATTTTAC 39 pKShel
CATAGCACCATGGGTGTAATTTTTCCG 39 pKSp35
ATGGCGAGCGTTACAAAGCG 39 pXB
TCGACTAACATTGTAATGGATGAC 39
CATGGTAAACGTGCCGGAGCAACA 39 pPstK
TGCAGATAAAAGTTTTTTATTTAATCT 39
CATGGTTGTCACCCGGTTGGA 39 pPstF
ATCCTTTGTCCATGATTGGCTCA 39
ATGGCTATGGAAAATAACGCGGAATTC 39 pPstF
GCAGTGGCGACGGCTATTCTCTTC 39
ATGGTGCCCTACGAAATGGTGATTG 39 pPstF
GCAGCATTGAGCGGCAAGGGATTG 39
CATGGTGGAATCTATCCGATGGCA 39 pES
TCGACTTGCTGCTGAACGTGT 39
ATGGTGTCATCATCACAAATAATAG 39 pXB
GCAGTCGTTGAAAGATCCATTAAC 39
AATTCGAAGTGTCGCCAGAG 39 pES
GGCCCCGTAATGGTTGTG 39
AGATCTTTTGGTC 39 pES
TTAACGGCGTGTTGCTGGCCAC 39
ATATCAACACGTTCAGAACAATG 39 pXB
GGCCCCGTAATGGTTGTG 39
and PCR, respectively.
ite-directed mutogenesis or PCR.
S68fs.ABLE 1
plates
Nco
GTGTA
GCTTC
GATGC
CATAC
CAATT
GCTGC
CACGA
TTTAC
TTACC
CACCG
GCAAC
TTAAC
ATAGC
CGTGG
CAACC
ATACT
GTACC
TATCT
GTCGC
CATCG
GAGCC
GCTCT
TTACG
TATAG
GACAA
GACTG
CAGTG
TATAG
enesis
d by s
ruct pEie39k, pie41, pie45, pie121, pie68, and pielef7. pieP3 was
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17RAPID COMMUNICATIONerived from pieP2 (6) by removal of the His tag se-
uence. The resulting plasmid contains the AcMNPV ie-1
romotor upstream of the NcoI site and a sequence
ontaining the OpMNPV p10 poly(A)1 sequence down-
tream. The PCR fragment containing p47 was cut by
coI and BamHI and subcloned into an intermediate
ector pUCie1P to obtain a PstI site. (PUCie1P contains
n XbaI–EcoRV fragment derived from the NcoI-
utagenized ie-I gene inserted into the XbaI, SmaI sites
f pUC118.) Then p47 was isolated and transferred to
ieP3 cut with NcoI and PstI to produce piep47. lef-4 and
ef-5 were isolated from p4ACTII and p5ACTII (6) as
coI–XhoI fragments and inserted into pieP3 to produce
ielef4 and pielef5, respectively. NcoI mutants of lefs1–3
ere described previously: lef-1, lef-2 (16), and lef-3 (17).
ef-3 was transferred to pieP3 cut with NcoI and PstI to
roduce pielef3. lef-1 and lef-2 were isolated as NcoI–
acI fragments and inserted into ptrc-7Hpro (17), then cut
ith NcoI and KpnI and transferred to pEXP6 (6) such
hat they were His-tagged and expressed under the ie-1
romoter and are called pielef1 and pielef2. All PCR-
enerated products were sequenced and showed no
ifferences in the predicted amino acid sequences from
hose reported by Ayres et al. (15) other than the amino
cid change caused by the NcoI mutation.
lef-6, lef8–11, dnapol, and p35 were subcloned into
KS(2) as the following fragments: lef-6, EcoRV–PstI;
ef-8, EcoRI-M; lef-9, SalI–BglII; lef-10, XhoI–SalI; lef-11,
stI–HindIII; dnapol, SacI–EcoRV; and p35 as the
coRI-S fragment. Site-directed mutagenesis was used
o insert an NcoI site at the initial ATG of these genes.
he primers used for in vitro mutagenesis are listed in
able 1. lef-6 was inserted into pACTII (18) with NcoI and
amHI and then transferred into pieP3 with NcoI and SalI
o produce pielef6. lef-8 was subcloned into pieP3 with
coI and EcoRI to produce pielef8. The lef-9 construct
as produced by digestion with XbaI, end-filled, re-
oved with NcoI, inserted into NcoI and SmaI sites of
ASI (19), and then subcloned into pieP3 with NcoI and
alI to produce pielef9. lef-10 was removed with NcoI
nd SalI and inserted into pieP3 to produce pielef10.
ef-11 was subcloned into ptrc-7Hpro (17) as an NcoI–
acI fragment and then transferred into pieP3 as an
coI–SalI fragment to produce pielef11. P35 was trans-
erred into pieP3 with NcoI and EcoRI to produce piep35.
napol was subcloned into pKS(2) as an SacI–EcoRV
ragment and P143(hel) was cloned into pKS(2) as de-
cribed previously (19). After in vitro mutagenesis to
reate an NcoI site at first ATG of these genes, they were
solated by cutting with NcoI and SacI and insertion into
trc-7Hpro (17) to obtain a KpnI site and then isolated as
coI–KpnI fragments and inserted into pEXP6 (6). The
is tag sequence was removed from the dnapol clone by
igestion with BamHI and NcoI and insertion of the ie-1
romoter from pieP3 cut with the same enzymes. Thisesulted in piednap and piehel. 5The coordinates of the fragments containing lef genes
re shown in Table 1.
Constructs Used for Characterization of Late Gene
xpression: The Pst-F Region. A simplified nomenclature
ased on the ORFs affected will be used in this article
nd is shown in this section in parentheses after the
ctual clone name. For diagrams of the constructs used
or this region, see Figs. 2A and 2B. pPstF (Fig. 2A) was
onstructed by insertion of the PstI–F fragment from
cMNPV into pUC8. Deletions of pPstF were created by
ouble-digestion with BstEII and NsiI, NsiI and KpnI, and
peI and BamHI (in the vector), followed by end-filling
nd ligation to produce pPFBND (pPF42–44D), pPFNKD
pPF44–46D), and pPFSPD (pPF46–48D), respectively. In
PFBND (pPF42–44D), most of orf42, all of orf43, and the
9 end of orf44 were removed. pPFNKD (pPF44–46D)
esulted in deletion of the 39 end of orf44, all of orf45, and
he 59 end of orf46. In pPFSPD (pPF46–48D), the 39 end
f orf46 and all of orf47 and orf48 were removed.
Single digests of pPstF with XhoI and NsiI were end-
illed and religated to produce pPFXhfs (pPF39fs) and
PFNsfs (pPF44fs) with frameshifts within orf39 and
rf44, respectively. Sequence analysis revealed the fol-
owing changes: 4 additional nucleotides (TCGA) at XhoI
ite in pPFXhfs (pPF39fs) and 13 nucleotides missing at
he NsiI site in pPFNsfs (pPF44fs). Digestion of pPstF
ith BstEII followed by end-filling and religation removed
93-bp fragment and produced pPFBsD (pPF42fs) with a
rameshift in orf42. Religation of KpnI-digested pPstF
ielded pPFKpD (pPF46fs), resulting in a frameshift in
rf46 along with a 175-bp deletion. To create frameshift
utations within p47, pPFBND (pPF42–44D) was di-
ested with XbaI, end-filled, and religated. The resultant
lasmid pPFp47fs has an additional 4 nt (CTAG) at the
baI site. To insert a frameshift in orf41, pPFKpD
pPF46fs) was digested with ApaI, blunt-ended, and re-
igated to produce pPF41fs. This resulted in deletion
f 5 nt.
pPFSPD (pPF46–48D) was digested with BstEII and
siI, blunt-ended, and religated to produce pPFSPBND
pPF42–44/46–48D). pPFSPBND was digested with PstI
nd XhoI, blunted-ended, and religated to produce p3orf,
ontaining orf40 (p47), orf41, and orf45.
pP47/41 was produced by removal of the PstI–XhoI
egion from pPFBPD (pPF42–48D), blunt-ending, and re-
igating. To construct pPFBPD (pPF42–48D), PstF was
igested with BstEII and SmaI [flanking the right end of
stIF], end-filled, and religated. p3orfp47fs, p3orf41fs,
nd p3orf45fs were derived from p3orf with frameshift
utations within p47, orf41, and orf45 by digesting, end-
illing, and religation at the XbaI, ApaI, and SgrAI sites,
espectively. Sequence analysis indicated the following:
nt (CTAG) were added at the XbaI site in p3orfp47fs, 4
t (CCGG) were added at the SgrAI site in p3orf45fs, and
nt were deleted at the ApaI site in p3orf41fs.
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18 RAPID COMMUNICATIONpie41/45 was constructed by replacing p10 poly(A)1
ignal sequence in pie41 with EcoRV–KpnI fragment from
3orf. pie41/45 was digested with SgrAI, end-filled, and
eligated to produced pie41/45fs, which has 4 nt (CCGG)
dded at the SgrAI site.
The AcMNPV pcna clone was described previously (5).
Constructs from the orf66–69 Region. The clones de-
ived from the orf66–69 region are shown in Fig. 3A. A
747-bp PstI–BglII fragment and a 6089-bp HpaI–BglII
ragment were cloned into pKS(2) to produce porf66PB
nd porf66HB. Both contain orf66 and parts of dnapol. A
21-bp EcoRI–SacI fragment from cosmid 1 (nt 57326–
0447) was inserted into pKS(2) to produce pES con-
aining lef-3, orf68, orf69, and a 59 portion of orf70. pES
as digested with EcoRV and BglII, end-filled, and li-
ated to produce pBS(68/69) containing orf68 and orf69.
PCR fragment containing nt 58937–59608 with an
coRI site added at the 59 end was digested with EcoRI
nd ApaI and then inserted into pES replacing the orig-
nal EcoRI–ApaI fragment. This plasmid, porf69, contains
he complete orf69 and partial orf68 and orf70 se-
uences. pESlef3fs, with a frameshift in lef-3, was pro-
uced by digesting pES with BglII, end-filling, and reli-
ating. This resulted in the addition of 4 nt (GATC) at the
glII site. To produce a frameshift in orf69, 8 nt
GGGCGCCC) were inserted into the XmnI site of pES to
reate pES69fs. To create a frameshift within orf68, a
CR fragment (nt 58861–59007) with an HpaI site at the
9 end was inserted into pES, replacing the original BglII
nt 58861)—HpaI (nt 59866) fragment, to create an inter-
ediate plasmid p68BH. Another PCR fragment (nt
9013–59607) with an EcoRV site at the 59 end was
nserted into pES, replacing the original EcoRV (from the
inker at the 59 end)–ApaI (nt 59607) fragment, to create
n intermediate plasmid p68EA. p68EA was cut by
coRV and SacI to isolate the EcoRV–SacI fragment,
hich was inserted into p68BH, replacing the original
paI–SacI (nt 59866–60447) fragment. The resultant
lasmid, designated pES68fs, has a frameshift mutation
ithin orf68 by the deletion of 1 nt at 59008.
pie-1 (20) contains the AcMNPV ie-1 gene. pie-2 con-
ains the ie-2 gene and was constructed by cloning a
005-bp EcoRV–PstI from PstI-N into pKs(2).
pXB was constructed by cloning the 3772-bp XhoI–
glII (nt 101806–105508) fragment, containing orf120–125
including lef-7) into pKS(2).
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Note added in proof. It was recently reported that orf41 (called lef-12)
s required for late and very late gene expression in S. frugiperda cells
ransfected with a defined lef library (23).REFERENCES
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